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Identification of a RAPD marker linked to the Co-6 anthracnose resi stant
gene in common bean cultivar AB 136
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Abstract

The pathogenic variability of the fungus Colletotrichum lindemuthianum represents an obstacle for the creation of resistant common
bean (PhaseolusvulgarisL.) varieties. Gene pyramiding isan aternative strategy for the development of varietieswith durableresis-
tance. RAPD markers have been proposed asameansto facilitate pyramiding of resi stance geneswithout the need for multipleinocula-
tions of the pathogens. The main aimsof thiswork wereto define theinheritance pattern of resistance present in common bean cultivar
AB 136 in segregating populations derived from crosses with cultivar Ruda (susceptible to most C. lindemuthianum races) and to
identify RAPD markers linked to anthracnose resistance. The two progenitors, populations F, and F,, F,; families and backcross-
derived plantswereinocul ated with race 89 of C. lindemuthianumunder environmentally controlled greenhouse conditions. Theresults
indicate that asingle dominant gene, Co-6, controls common bean resistanceto thisrace, giving asegregation ratio between resistant and
susceptibleplantsof 3:1intheF,, 1:0inthe backcrossesto AB 136 and 1:1 in the backcrossto Ruda. The segregation ratio of F,.,
familiesderived from F, resistant plantswas 1:2 (homozygous to heterozygous resi stant). Mol ecular marker analysesin the F, popu-
lation identified aDNA band of approximately 940 base pairs (OPAZ20,,,), linked in coupling phase at 7.1 cM of the Co-6 gene.
Thismarker isbeing used in our backcross breeding program to devel op Ruda-derived common bean cultivarsresistant to anthrac-

nose and adapted to central Brazil.
INTRODUCTION

The common bean (PhaseoluswulgarisL.) isthemain
source of vegetable proteinin most Latin American and Af-
rican countries. TheBrazilian populationistheworld’slarg-
est consumer, with an annual average intake of 22-23 kg/
person (Venturaand Costa, 1992).

Fungal diseasesdrastically affect common beanyield,
and anthracnose, caused by the fungus Colletotrichum
lindemuthianum (Sacc. & Magn.) Scrib., isamong themain
diseases of the common bean in Brazil and in other bean-
growing regions of theworld (Pastor-Corrales, 1985). This
disease may causeyidld lossesof up to 100% when infected
seedsaresown in areaswith high relative humidity and mild
temperatures (Peloso, 1992).

Although breeding the common bean for resistance
to anthracnose by traditional methods has created several
resistant cultivars (Singh et al., 1992; Vieira, 1983), new
varieties haveto be continually developed dueto the high
pathogenic variability of thefungus(Ravaet al., 1994). Gene
pyramiding isan alternative strategy for the devel opment
of varietieswith durable resistance, but traditional breed-
ing procedures areinefficient for such purpose dueto the
difficulties brought about by the need for multipleinocula-
tions(Michelmore, 1995). Pyramiding of resistance genes

assisted by molecular markers has been proposed asan al -
ternative solution for this type of problem (Haley et al.,
1993, 1994; Johnson and Gepts, 1994; Johnson et al., 1995;
Young and Kelly, 1996a).

A number of common bean lineshave been evaluated
for resistance to many pathotypes of anthracnose at the
Centro Internacional de AgriculturaTropical (CIAT, Cdli,
Colombia), and among them, cultivar AB 136, selected as
oneof the 12 international differential cultivarsfor anthrac-
nose, isone of the most resistant (Pastor-Corral es, 1992).
Cultivar AB 136 showed resistanceto 25 pathotypes of C.
lindemuthianum collected in several common bean-grow-
ing regionsin Brazil (Ravaetal., 1994).

Random amplified polymorphic DNA (RAPD) mark-
ers(Williamset al., 1990) have been successfully usedin
common bean breeding programsto tag resistance genes
for several important diseases (Haley et al., 1993, 1994;
Johnson and Gepts, 1994; Johnson et al., 1995; Young and
Kelly, 1996a; Alzate-Marin et al., 1999a). Thistechnique
is being used in our common bean breeding program to
facilitate the development of isolines containing disease
resistance genes of interest.

Themain aim of thiswork wasto define theinherit-
ance pattern of resistancepresent in cultivar AB 136in seg-
regating popul ations derived from crosseswith cultivar Ruda
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(susceptibleto most C. lindemuthianumraces) and toiden-
tify RAPD markers linked to the resistance gene (Co-6)
present inthiscultivar.

MATERIAL AND METHODS

Source of C. lindemuthianum isolates
and culture conditions

Race 89 of C. lindemuthianum was collected in
Minas Gerais State (Brazil) and correspondsto race al-
pha-Brazil (group alpha), part of agroup of 25 races col-
lected in different regions of Brazil and identified by
Ravaet al. (1994). Theorigina inoculumwaskindly pro-
vided by Dr. Carlos A. Ravaand Dr. Aloisio Sartorato
(CNPAF/EMBRAPA, Goiénia, GO, Brazil). Toincrease
the amount of sporestheisolateswere cultivated for ap-
proximately 10 daysin sterile medium containing com-
mon bean green pods. To confirm theidentity of theiso-
lates, they were inoculated on the 12 bean anthracnose
differential s according to the method of Pastor-Corrales
(1992).

Genetic materia

Seedsfrom differential cultivar AB 136 and “ carioca
type’ cultivar Rudawere provided by CNPAF/EMBRAPA
(Goiénia, GO, Brazil) (Tablel). Cultivar AB 136 wasused
asmale progenitor and crossed in agreenhouse with culti-
var Ruda. The populationswere maintained in the green-
house.

Genetic analysesand evaluation
of disease symptoms

Spores of C. lindemuthianum race 89 were inocu-
lated onto plants derived from the cross Rudax AB 136.
Thefollowing number of seedswere sowed in the green-
housein acompletely randomized design: 30 seedsfrom
each progenitor, 30 F; seeds, 256 F, seeds and 60 seeds
from each backcross (BC, and BC,). Fourteen days after
sowing thefirst expanded trifoliate |eaf from each of the
466 plantswasinocul ated on the lower and upper leaf sur-
faceswith spore suspensions (1.2 x 10° spores/ml), applied
with ahorse-hair paint brush. The plantswere then incu-
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bated for seven daysin amist chamber, which was main-
tained at 20-22°C and 100% rel ative humidity, after which
the plantswere evaluated using a 1- to 9-symptom scale
(Ravaetal., 1993). Resistant (R) phenotype was assigned
to plants with no or limited symptoms (grades 1 to 3),
whereas plants graded 4 or greater were considered to be
susceptible (S). Beforeinoculation, primary leavesfrom
al plants were collected and kept at -80°C for DNA ex-
traction. The phenotypic classfrequencies obtained were
tested for goodness-of-fit to theorical ratios with chi-
sguaretests.

One hundred and eighty-eight F,; families derived
from F, resistant plants of crossRudax AB 136, consisting
of 12 plants each, were evaluated for resistance/suscepti-
bility to C. lindemuthianumrace 89. Inoculation conditions
and symptom eval uation were performed as before except
that in this case spores were sprayed onto the plants with
theaid of aDe Vilbissapparatus.

DNA bulks

DNA from homozygousF, resistant individualswas
used to make two contrasting bulks (resi stant/susceptibl €)
according to Michelmore et al. (1991). Two hundred and
ten primers (Operon Technologies, Alameda, CA, USA) were
used to test the bulks.

DNA extraction and amplification

DNA extraction was according to Doyle and Doyle
(1990). Amplification reactions were performed in a
thermocycler model 9600 (Perkin-Elmer, Norwalk, CT,
USA). Each reaction (25 ul) contained: 25 ng DNA, 0.1
mM of each dNTP, 2.0 mM MgCl,, 10 mM Tris-HCI, pH
8.3,50 mM KCl, 0.4 uM of one primer decamer (Operon
Technologies, Alameda, CA, USA) and oneunit of Tag DNA
polymerase.

Each amplification cycle consisted of one denatur-
ation step at 94°C for 15 s, one annealing step at 35°C for
30 sand one extension step at 72°C for 1 min. After 40
cyclesan extraextension step was performed for 7 min at
72°C. Amplification productswere analyzed on 1.2% aga-
rosegelsimmersed in TBE buffer (90 mM Tris-borate, 1
mM EDTA, pH 8.0) containing 10 mg/ml ethidium bro-
mide. DNA bandswerevisuaized under UV light and pho-

Tablel - Phenotypic characteristics of common bean progenitors Rudaand AB 136.

Progenitor ~ Growth habit Seedsize Seed color Race Reaction to
anthracnose
Ruda Indeterminate Smdl carioca Meso-american Susceptible to
prostrate(l11) race89
AB 136 Indeterminate Smdl Red Meso-american Resistant to all races
v) identified in Brazil
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tographed with the aid of an Eagle Eye |l photosystem
(Stratagene, LaJolla, CA, USA).

Linkageanalyses

Chi-sguare analysis was used to test the phenotypic
segregation of the F,, F,, F»3, BC;and BC, populations. To
determine the geneti ¢ distance between the RAPD marker
and the resistance gene, 239 F, plants were used. The ge-
netic distance between the marker and theresistance gene
wasdetermined with theaid of MAP-MAKER 11 (Lander
etal., 1987) using aL OD score minimum of 3.0.

RESULTS AND DISCUSSION
Segregation analyses

Results of inoculations confirmed that cultivar AB
136 isresistant and that cultivar Rudais susceptibleto C.
lindemuthianumrace 89 (Tablell) under greenhouse con-
ditions. Ravaet al. (1994) demonstrated that cultivar AB
136 isresistant to 25 C. lindemuthianum races detected
inBrazil.

The segregation ratio (resistant:susceptible) of 3:1in
the F, and the good fit to the expected (homozygote:het-
erozygote) ratio inthe F,; families derived from F, plants
(TableIl) indicate that resistance of AB 136 torace 89is
controlled by asingle dominant gene. Thisgenewasidenti-
fiedin cultivar Catrachita, abreeding linederived from AB
136 and named Co-6 (Young and Kelly, 1996b). Similar re-
sultswerereported in previouswork using the sameresis-
tance source (Vidigal, 1994; Alzate-Marinet al., 1999a).

Identification of RAPD markers

Co-6 hasproven to be effective against alarge num-
ber of Latin American isolates of C. lindemuthianumand
itisanimportant resistance source used by breeding pro-
gramsin Central America(Pastor-Corrales, 1985, 1992;
Young and Kelly, 1996b; Ravaet al., 1994). Young and
Kelly (1997) identified two RAPD markerslinked to, and
flanking, the Co-6 locus in cultivar Catrachita: marker
OPAH1,g islinked in coupling-phase at 12.3 cM of the
gene and marker OPAK 20gy islinked in repul sion phase
at 7.1 cM of the gene. The band produced by OPAH 15 is
polymorphic between Rudaand AB 136, but in co-segre-
gation analysesin the F, population it mapped at 23.7 cM
of Co-6 (Tablelll, Figurel).

We previoudly identified another marker (OPZ04s4)
tightly linked in coupling to Co-6 (Alzate-Marin et al.,
1999a). Using thismarker it was possibleto confirm that a
singlegene or acomplex locus of tightly linked resistance
genes present in cultivar AB 136 confers resistance to C.
lindemuthianum pathotypes 73, 81, 89, and 64. The
OPZ 0455, marker could be used in amarker-assisted breed-
ing program to pyramid different resistance genes using
cultivar AB 136 asasource for anthracnose resistance. In
the case of the cross between cultivars Rudaand AB 136,
however, OPZ04s, was hot polymorphic between the pro-
genitors. For thisreason it cannot be used in our breeding
program aimed at the development of Rudé-derived bean
varietiesresistant to anthracnose.

One RAPD marker (OPAZ20y,0) wasidentifiedinthe
F, plants inoculated with race 89. This marker, a 940-bp
DNA band, islinked in coupling phaseto theresistancegene

Tablell - Segregation for resistanceto race
89 of Colletotrichum lindemuthianumin the cross Rudax AB 136.

Pedigree Generation No. of Plants Expected X? P
ratio
Resistant Susceptible
Ruda P, 0 2
AB 136 P, 0 0
Rudax AB 136 F 2 0 - - -
Rudax AB 136 F, 206 50 31 379 0.10-0.05
F, x Ruda BCs 17 3 11 1042 0.01-0.00
F,xAB 136 BCr 60 0 10 0.00 1.00
Rudax AB 136 F,s 59RR:129Rr - 12 0.08 0.80-0.70
Tablelll - Linkage analysis between molecul ar
markers and resistance genes in crosses involving cultivar AB 136.
Locus tested Expected ratio Observed ratio X2 P cMa
RudaxAB 136  Co-6°/OPAZ20,,, 9331 176:13:2:48 14957 0.00 71
RudaxAB136  Co-6/0OPAHL, 9.331 155:34:8:42 84.77 0.00 237

aDistance in centimorgans in relation to Co-6. "Resistance gene present in cultivar AB 136.
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Figure 1 - Electrophoretic analysis of amplification products obtained with primer OPAH1.
Thefirst lane correspondsto lambdaDNA cut with EcoRI, BamHI and Hindl 1 (size markers).
Lanes1to18areasfollows: 1, Ruda 2, AB 136; 3-10, F, plantsresistant to race 89; 11-18, F,
plants susceptible to race 89. The arrow indicates a DNA band of 780 bp linked in coupling
phase to the resistance gene.
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Figure3- Electrophoretic andysisof amplification prod-
ucts obtained with primer OPAZ20. Lanes are as fol-
lows: 1, lambdaDNA cut with EcoRI, BamHI and Hindl 11
(sizemarkers); 2, Rudg 3, AB 136, and 4, Catrachita. The
arrow indicates a DNA band of 940 bp linked in cou-
pling phase to the resistance gene (Co-6).

Figure 2 - Electrophoretic analysis of amplification products obtained with primer OPAZ20.
Thefirst lane corespondsto lambdaDNA cut with EcoRI, BamHI and Hindl I (size markers).
Lanes1to18areasfollows: 1, Rudg; 2, AB 136; 3-10, F, plantsresistant to race 89; 11-18, F,
plants susceptible to race 89. The arrow indicates a DNA band of 940 bp linked in coupling

phase to the resistance gene.

(Co-6) (Figure 2). Co-segregation anaysesin the F, popu-
|ation reveal ed that marker OPAZ20,,, Wwaslocated 7.1 cM
from the resistance gene (Table I11). The presence of this
marker in cultivar Catrachita (Figure 3) strongly supports
theideathat the gene studied in thiswork isthe same (Co-
6) asthat reported by Young and Kelly (1996b).
Todetermineif theother 11 differentid cultivarscarry
the molecular marker OPAZ20 linked to the Co-6 genein
cultivar AB 136, the DNA of these cultivarswas extracted
and amplified with the appropriate primers. Only differen-
tial cultivar AB 136 possessed the band OPAZ20y,. Thed -
lelism studies conducted so far do not indicate the pres-
ence of aternative aleles for Co-6 in other differential
cultivarsfor anthracnose (Young and Kelly, 1996b).
Marker OPAZ20,,, isbeing used to facilitate the de-
velopment of Ruda-derivedisolines contai ning the gene Co-
6 (Alzate-Marin et al., 1999b), aswell asto pyramid dif-
ferent resistance genesin common bean varieties aspart of
our breeding program toward the creation of commercia
cultivarswith long-lasting resistance to anthracnose.
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RESUMO

A antracnose do feijoeiro, causada por Colletotrichum
lindemuthianum, é uma doenca que ocasiona severas perdas,
estando amplamentedistribuidano Brasil. Trabalhos anteriores
tém demonstrado que o cultivar AB 136, possuidor do gene Co-
6, € umaimportante fonte deresisténciaaantracnose no Brasil,
uma vez que todos os patétipos identificados no pais até o
momento sdo incompativeiscom esse cultivar. O objetivo deste
trabalho foi identificar um marcador RAPD ligado ao gene de
resisténciaCo-6 presente no cultivar AB 136. Paraestefim, foi
utilizada umapopul agdo do cruzamento entre o progenitor Ruda,
suscetivel araga89 de C. lindemuthianum, e o cultivar AB 136.
Nas populacOes F, e Fs deste cruzamento observou-se uma
segregacao de 3 plantasresistentes para 1 suscetivel, e 1 planta
homozigotapara 2 heterozigotas, respectivamente, sugerindo que
aresisténciaé determinadapel aagdo de um Gnico gene. Napopu-
lagdo F, foi identificado um marcador, de aproximadamente 940
pb (OPAZ20), ligado em fase de acoplamento a7,1 cM do gene
Co-6. Este marcador esta sendo utilizado em nosso programade
mel horamento paradesenvolver cultivaresdefeijoeiro derivados
de Rudaresi stentes a antracnose e adaptados ao Brasil Central.
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